OBJECTIVE: To compare mortality rates across indicators of adiposity and relative adipose tissue distribution in the Canadian population. SUBJECTS: The sample included 10 323 adult participants 20 -69 y of age from the Canada Fitness Survey who were monitored for all-cause mortality over 13 y. METHODS: BMI, waist circumference (WC) and the sum of five skinfolds (SF5) were indicators of adiposity, and the first principal component of skinfold residuals (PC1) represented subcutaneous adipose tissue distribution. Proportional hazards regression was used to estimate relative mortality risk from mortality rates across levels of adiposity and adipose tissue distribution, controlling for the confounding effects of age, smoking status and alcohol consumption. RESULTS: Significant curvilinear (J-shaped) relationships in men and linear relationships in women were observed between BMI, WC and SF5 and all-cause mortality rates. PC1 was not related to mortality rates in either men or women. In women, the inclusion of the other indicators of adiposity and adipose tissue distribution did not significantly add to the prediction of mortality rates beyond BMI; however, combinations of BMI and both WC and SF5 produced significant models in men. CONCLUSION: The results support the hypothesis that overall level of adiposity is an important predictor of all-cause mortality, more so than the relative distribution of subcutaneous body fat, once overall level of body fatness has been accounted for.
Introduction
There is consistent evidence that excess body weight is associated with an increased risk of mortality. 1 However, most of the studies that have investigated the effects of adiposity on mortality have relied on the body mass index (BMI, kg=m 2 ), or other measures of relative weight, in lieu of more direct measures of body fat. A J-shaped or U-shaped relation is commonly observed between BMI and mortality, such that there is increased risk of death at both low and high levels of BMI. 2 This phenomenon has been hypothesized to result from confounding at baseline, particularly from pre-existing disease and smoking status. 3 The results of a more recent meta-analysis, however, suggest that the Ushaped relationship persists after controlling for occult disease and smoking status. 2 An alternative explanation is that the U-shape results from a mixing of two curves, one for fatfree mass and the other for fat mass. 4, 5 A recent 22 y followup study of 787 men from Gothenburg lends support to this explanation. 6 Using measures of body composition (total body potassium), the authors found that mortality could be explained by increasing functions of low fat-free mass and high fat mass.
For a given level of overall adiposity, the location of the excess adipose tissue is an important health consideration. 4 For example, an android (trunkal or centralized body fat) pattern of fat distribution carries greater health risks than a gynoid (extremity or peripheral body fat) pattern, and has been suggested to account, at least in part, for the differences in myocardial infarction rates between males and females. 7 Further, a centralized pattern of fat distribution, indexed by the waist-to-hip circumference ratio or the iliac-to-thigh circumference ratio has been associated with an increased risk of mortality in both men and women. 8 -10 More research is required to elucidate the relationships among various measures of adiposity and adipose tissue distribution in large population-based samples.
Given the dearth of information available regarding the relationship between measures of adiposity (other than weight for height indices) and mortality, the purpose of this study was to determine the relationships between adiposity, relative adipose tissue distribution, and all-cause mortality rates in the Canadian population. Data from the 13 y mortality follow-up of the 1981 Canada Fitness Survey were used for this purpose. The availability of measurements of BMI, waist circumference and subcutaneous skinfolds in the Canada Fitness Survey (CFS), a representative sample of the population, makes it a useful database with which to examine issues related to adiposity and mortality.
Methods

Sample
The sample consists of individuals from urban and rural areas of every Canadian province who participated in the 1981 CFS, which was a nationally representative sample of the Canadian population. 11 A total of 23 400 people between the ages of 7 and 69 y participated in the CFS in one form or another, whereas a sample of 10 725 adults 20 -69 y of age had measurements of stature and body mass available for the calculation of the BMI: (mass (kg)=stature (m) 2 ). The analyses reported here are based on 10 323 adults who minimally had information available for BMI in addition to all covariates. Sample sizes vary from measure to measure, due to missing values for some participants. Missing values resulted in listwise deletion of participants from specific analyses. Although list-wise deletion is generally inefficient (due to loss of cases) and may result in bias if those who are deleted differ from those who are not, the list-wise deletion method was used for its simplicity compared to more complex methods that have been developed to handle missing data.
Measures
Anthropometric dimensions were taken according to the standardized procedures of the CFS. 12 Stature was measured with a Harpenden tape to the nearest 0.1 cm and body mass was measured to the nearest 0.1 kg using a standing beam balance scale (Seca Corporation, Columbia, MD, USA). Waist circumference (WC) was measured to the nearest mm at the point of noticeable waist narrowing using an anthropometric tape. In cases of indeterminant waist narrowing, WC was measured at the estimated lower level of the twelfth or lower floating rib. Skinfolds at the biceps, triceps, subscapular, suprailiac, and medial calf sites were measured on the right side of the body with a Harpenden caliper (British Indicators Inc., West Sussex, UK) to the nearest 0.2 mm. The BMI was calculated, and the five skinfolds were summed (SF5) to provide an overall measure of subcutaneous adiposity.
Principal components analysis was used to estimate subcutaneous adipose tissue distribution following the procedures described by Deutsch et al 13 and Baumgartner et al.
14 Briefly, each individual skinfold was regressed on the mean skinfold of the individual within males and females separately, and the residuals were retained for further analysis. The residuals represent each skinfold, adjusted for the mean level of subcutaneous adiposity. Principal components analysis was then performed on the skinfold residuals to evaluate the underlying distribution of subcutaneous adiposity. The first principal component (PC1) was saved and was used in subsequent analyses as an index of relative subcutaneous adipose tissue distribution, independent of the overall level of subcutaneous adiposity. Age, smoking status and alcohol consumption were obtained for inclusion as covariates. Age was calculated from birth and observation dates, while smoking status and alcohol consumption were obtained from a questionnaire. Participants were either coded as non-smokers, ex-smokers or current smokers. Alcohol consumption was ranked on a six-point scale based on frequency of consumption ranging from complete abstension from alcohol (1) to drinking an alcoholic beverage at least once per day (6).
Mortality
The CFS database was linked to the Canadian Mortality Database (CMDB) at Statistics Canada. The CMDB contains all recorded deaths in Canada since 1950, and is regularly updated using death registrations supplied by every province and territory. Record linkage was performed using computerized probabilistic techniques. The potential for death linkages to be missed using the method employed by Statistics Canada is quite small. 15, 16 All deaths between the end of CFS data collection in 1981 through 31 December, 1993 were included in the present study. There was an average of 12.4 y of follow-up (maximum of 12.9 y) and a total of 566 (331 men and 235 women) deaths occurred.
Statistical analyses
All statistical analyses were conducted using the SAS system and procedures. 17 Cox proportional hazards models were used to determine the effects of adiposity and adipose tissue distribution on mortality rates during follow-up. Linear, quadratic and cubic polynomial models were tested for each indicator, and all analyses were stratified by sex and included the covariates of age, smoking status and alcohol consumption. To determine if WC, SF5 or PC1 added to the prediction of mortality beyond that explained by BMI, linear, quadratic and cubic polynomial effects of each of these indicators were subsequently added to models including up to a cubic polynomial in BMI. Akaike's Information Adiposity and mortality rates PT Katzmarzyk et al Criterion (AIC), defined as 7 2 ln likelihood plus twice the number of estimated parameters, 18 was used to judge the best-fitting models. The 'best', or most parsimonious model is the one with the lowest AIC.
The analyses were performed again after all individuals who died within the first 2 y of follow-up (n ¼ 61) were eliminated in an attempt to control for the potentially confounding effects of occult disease at baseline. Since the results were virtually identical, and three recent studies have demonstrated that early mortality exclusion is ineffective at controlling for confounding due to occult illness, 19 -21 only the results for the entire sample are presented.
Results Table 1 provides the descriptive characteristics of the sample at baseline whereas Table 2 provides the correlations among the indicators of adiposity and adipose tissue distribution. All three indicators of adiposity are highly intercorrelated (r 0.70), while the correlations between PC1 and other indicators are lower (r 0.18), which confirms that PC1 is largely independent of the other measurements. Figure 1 provides the results from the principal components analysis. The first principal component (PC1) explains 38 and 40% of the variance in the five adiposity-adjusted skinfold residuals in men and women, respectively. PC1 is characterized by positive loadings for suprailiac and subscapular (trunk skinfolds) and negative loadings for triceps, biceps and medial calf (extremity skinfolds). Thus, PC1 represents a contrast between trunk and extremity fat, where higher values indicate greater fat on the trunk relative to the extremities.
The results of the proportional hazard regressions are presented in Table 3 and Figures 2 and 3 . The relationship between all three indicators of adiposity (BMI, WC, SF5) and mortality rates is curvilinear in men (Figure 2 ) and linear in women (Figure 3) . In Figures 2 and 3 The relationship between PC1 and mortality rates was not significant in either men or women. When combined with BMI, none of the indicators of adiposity or adipose tissue distribution added to the prediction of mortality in women (Table 3 ). In men, both WC and WC 2 were significant terms in a model that included the linear effects of BMI, while a fully saturated model for BMI and SF5 was the best-fitting combination of these two indices. Finally, PC1 was not a significant predictor of mortality once BMI was already in the model in both men and women. 
Discussion
The results indicate significant relationships between indicators of adiposity and all-cause mortality rates in both men and women. These results extend those of a recent communication based on the same dataset in which we reported a relationship between the BMI categories recommended by the WHO and US NIH for the classification of overweight and obesity and all-cause mortality. 22 In the previous report we estimated the risk of mortality across BMI categories that are designed to identify individuals with increased health risks due to obesity; 23, 24 however, the current analyses compared BMI with other indicators of adiposity and adipose tissue distribution in their original units of measurement.
The pattern of results for WC and subcutaneous adiposity (SF5) tend to be similar to those for BMI in both men and women (Figures 2 and 3) . Although there are few studies that have examined the relation between direct measures of adiposity and mortality, a recent analysis of men from Gothenburg found an elevated (RR ¼ 1.5) risk of mortality for men in the highest quintile of percentage body fat (from total body potassium) over the middle quintile, which was the same as the associated risk in the upper quintile of BMI (RR ¼ 1.5). 6 Similarly, there was a direct linear relationship between percentage body fat and both all-cause and cardiovascular disease mortality in the 8 y follow-up of the Aerobics Center Longitudinal Study. 25 Neither baseline BMI, sum of skinfolds, or body density (from underwater weighing) was predictive of either soft (angina) or hard (ischemia or CHD death) CHD in men over 20 y of follow-up. 26 Thus, although the data are scant, at this time there is no consensus as to whether using direct measures of adipose tissue or other anthropometric measurements provide any added value over the BMI in predicting mortality.
In the present study, the results for SF5 and WC were similar to those for BMI as all three indicators have similar relationships with mortality rates (Figures 2 and 3 ). Based on a comparison of AIC values, a quadratic polynomial in WC was the best fitting model in men and linear SF5 was the best fitting model in women, although the practical significance of the differences between the various models is difficult to determine. In women, adding SF5, WC or PC1 to a model already containing BMI did not result in any significant effects; however, WC and SF5 contributed significantly in combination with BMI in men. A comparison of AIC values suggests that a cubic polynomial in BMI (AIC ¼ 5058.9) fits the data about as well as the BMI -WC combination (AIC ¼ 4917.0) and, from a practical standpoint, involves one less anthropometric measurement. Taken together, the results from this analysis support the continued use of BMI and=or WC in defining risk of mortality; however, more work Adiposity and mortality rates PT Katzmarzyk et al is required to determine which of these two markers or which combination provides the best definition of risk. The BMI is a simple index, calculated from stature and body mass, which can easily be obtained either through direct measurement or from self-report, as is commonly done in epidemiological studies. 27 On the other hand, the measurement of subcutaneous skinfolds or other measures of body composition requires trained technicians and equipment. Although skinfold measurements provide an accurate assessment of subcutaneous adiposity, they do not lend themselves to widespread use in epidemiological studies, particularly when information is collected through the use of questionnaires. Since the results for SF5 tend to mirror those for BMI in both men and women, this study supports the recommendations of the WHO and US NIH that the BMI should be used to monitor population levels and trends in obesity in leiu of more direct measures of subcutaneous body fat such as skinfolds. 23, 24 Further, the recommended cut-offs appear to be good at defining risk of all-cause mortality based on our previous findings. 22 A trunkal distribution of body fat has been associated with increased mortality in both men and women. 8 -10 The waistto-hip circumference ratio was a significant predictor of mortality in men and women from Gothenburg, even after adjustment for age and BMI. 8, 9 Similarly, the iliac-to-thigh circumference ratio was associated with mortality among French men after adjustment for blood pressure and BMI. 10 In the Iowa Women's Health Study (postmenopausal women), there was a graded increased risk of all-cause mortality across quintiles of waist-to-hip ratio and a Ushaped relation for BMI and WC; however, after the inclusion of covariates in the model, only the relationship between the waist-to-hip ratio and mortality remained significant. 28 The present study found robust relationships between WC and all-cause mortality in men and women; however, relative subcutaneous adipose-tissue distribution (PC1) was not a significant predictor of mortality. These results support the notion that the overall level of adiposity is a more important risk factor than relative distribution of body fat, once overall level of body fatness has been accounted for.
It must be noted that the skinfold measurements used in the present study only assess subcutaneous adiposity, and no direct measure of abdominal visceral fat was available. There Adiposity and mortality rates PT Katzmarzyk et al is suggestive evidence that visceral body fat is more related to health risks than subcutaneous body fat. 4 Although difficult and expensive to obtain on large samples, measurements of total adiposity from underwater weighing or DEXA, or measures of abdominal visceral fatness from CT scans or MRI should be employed to investigate the relationship between adipose tissue in specific depots and risk of mortality.
